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ABSTRACT

Context: Eurycoma longifolia Jack (Simaroubaceae) commonly known as Tongkat Ali is one of the most
important plants in Malaysia. The plant extracts (particularly roots) are widely used for the treatment of
cough and fever besides having antimalarial, antidiabetic, anticancer and aphrodisiac activities.
Objectives: This study assesses the extent of adulteration of E. longifolia herbal medicinal products
(HMPs) using DNA barcoding validated by HPLC analysis.

Materials and methods: Chloroplastic rbcL and nuclear ITS2 barcode regions were used in the present
study. The sequences generated from E. longifolia HMPs were compared to sequences in the GenBank
using MEGABLAST to verify their taxonomic identity. These results were verified by neighbor-joining tree
analysis in which branches of unknown specimen are compared to the reference sequences established
from this study and other retrieved from the GenBank. The HMPs were also analysed using HPLC analysis
for the presence of eurycomanone bioactive marker.

Results: Identification using DNA barcoding revealed that 37% of the tested HMPs were authentic while
27% were adulterated with the ITS2 barcode region proven to be the ideal marker. The validation of the
authenticity using HPLC analysis showed a situation in which a species which was identified as authentic
was found not to contain the expected chemical compound.

Discussion and conclusions: DNA barcoding should be used as the first screening step for testing of
HMPs raw materials. However, integration of DNA barcoding with HPLC analysis will help to provide
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detailed knowledge about the safety and efficacy of the HMPs.

Introduction

There has been a tremendous increase in the global use of herbal
medicinal products (HMPs) due to their perceived health benefits
(Abdullah et al. 2017). The general increase in the consumption
of HMP may be due to the result of some factors such as their
claimed health benefits, easy availability, perceived effectiveness
and safety (Posadzki et al. 2013). It is estimated that about 5.6
billion people, approximately 80% of the world population relied
on HMPs for their primary health care needs (Mohammad
Azmin et al. 2016). The increase in demand has made the inter-
national trade for HMPs to become a lucrative business, thus
presently, the global market is project to reach US$115 billion by
the year 2020 (Ahmad et al. 2015).

Malaysia is not an exception to that as the demand of this
HMP is also increasing due to the presence of diverse biodiver-
sity of medicinal and flowering plants (Abubakar et al. 2017a).
Malaysian National News Agency, BERNAMA report stated that
the annual sales of traditional medicine from 2000 to 2005
increases tremendously from US$385 million (RM1 billion) to
US$1.29 billion (RM4.5 billion) (Aziz and Tey 2009; Mohammad
Azmin et al. 2016). This is mostly patronized among middle-age
individuals so as to improve their health being and sexual libido
(Hassali et al. 2012). It was also reported that about 69.4% of the

Malaysian population use HMP in their whole lifetime (Mitha
et al. 2013).

Eurycoma longifolia Jack (Simaroubaceae) commonly known
as Tongkat Ali, is found in Southern Asian countries such as
Malaysia, Indonesia, Vietnam, Myanmar, Cambodia and
Thailand. E. longifolia extracts (particularly roots) have been
reported to display a wide range of therapeutic properties such
as antimicrobial, antimalarial, antidiabetic, antiulcer, cytotoxicity
against cancerous cells (Bhat and Karim 2010; Nhan and Loc
2017) but the most famous is for aphrodisiac activities (Ismail
et al. 2012). Several chemical studies have shown that E. longifo-
lia contains important bioactive compounds such as canthin-6-
one and B-carboline alkaloids, squalene derivatives, tirucallane-
type triterpenes, biphenylneolignans and quassinoids such as eur-
ycomanone, eurycolactone, eurycomalactone (Abubakar et al
2017a). Nowadays, E. longifolia HMPs are more conveniently
available in medicinal markets either in the form of raw crude
root powder or as a capsule, tablet, or mixed with tea and coffee
(Rehman et al. 2016).

The various conventional techniques such as organoleptic,
microscopic and macroscopic analyses which have been used to
identify medicinal plants have their own advantages and disad-
vantages (Smillie and Khan 2010). The major limitation of using
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these techniques is that they cannot effectively identify species in
powder or a processed product form in which most of the HMPs
are procured. However, the massive increase in demand of
HMPs in addition to the absence of proper identification meth-
ods has made herbal industries to suffer from various adultera-
tions such as substitution, contamination, the use of fillers
(Techen et al. 2014). These type unethical activities are not only
fraud but threat to the consumer’s health as the safety and effi-
cacy of any HMPs is relied on the correct use of genuine plant
material. Many DNA methods were developed for species identi-
fications but due to their various limitations, they are unsuitable
for rapid identification (Shi et al. 2017).

This prompted the introduction of a technique called DNA
barcoding which utilizes short DNA sequence from the standard
part genome for species identification. Contrary to the other
types of techniques, DNA barcoding is accurate, cost effective,
reliable, not influenced by age, environmental factors and it is
not restricted by morphological characteristics of the medicinal
plant material (Techen et al. 2014; Abubakar et al. 2017b).

However, despite the high level of demand and consumption
of E. longifolia HMP, there is a complete absence or extreme
scarcity in understanding the extents in which its HMPs have
been adulterated. To the best of our knowledge, there has been
no study that uses DNA barcoding to authenticate E. longifolia
HMPs. Therefore, this study was designed to evaluate the authen-
ticity of their HMPs using DNA barcoding and further validated
by HPLC analysis so as to provide detailed information about
their safety and efficacy as these are important towards qual-
ity control.

Materials and methods
Collection of plant and herbal product

The E. longifolia plant was obtained from Forest Research
Institute Malaysia (FRIM), Selangor with a voucher ID number
PID100317. The five-year-old root sample of E. longifolia was
also purchased from FRIM. Eleven HMPs (nine capsules, one tea
and one tablet) claimed to contain E. longifolia plants were pur-
chased from different over-the-counter (OTC) retail shops in
Jusco, Taman U, Plaza Angsana, and Larkin area of Johor,
Malaysia. The HMP company name was not provided so as to
promote anonymity, thus they are labelled as TAP-1 to TAP-11.

HPLC grade methanol was purchased from Fischer Scientific
UK (Loughborough, UK), water for the HPLC analysis was
treated with ultra water purification. Eurycomanone standard
was purchased from Merck (Darmstadt, Germany). The purity of
the standard was above 98%. All of the chemicals and reagents
used in this study are of analytical grade.

DNA extraction, PCR and sequence analysis

E. longifolia root material (approximately 100 mg) or 30 mg in
the form of capsule or tea was first extracted using NucleoSpin®
plant II (Macherey-Nagel, Diiren, Germany) according to man-
ufacturer’s protocol. The yield and purity of the genomic DNA
extracted were analysed using spectrophotometric nanodrop with
an absorbance ratio (Ajg/2s0). The quality of DNA extracted
from the fresh plant was checked on 1% (w/v) agarose gel elec-
trophoresis. Two rbcL primers designated as full DNA barcode
(FDB) and mini DNA barcode (MDB) were constructed accord-
ing to Hamdan et al. (2013) and Fazekas et al. (2012), respect-
ively. The FDB forward primers of rbcL were CTTGGC

AGCATTCCGAGTA and TCACAAGCAGCAGCCAGTTC for
reverse primers. The MDBs of rbcL were ATGTCACCACAA-
ACAGAGACTAAAGC for forward primers and GTAAAATCA-
AGTCCACCRCG for reverse primers. The primers used for ITS2
forward and reverse were GGGGCGGATATTGGCCTCCCGTGC
and GACGCTTCT CCAGACTACAAT, respectively, as described
by Chen et al. (2010).

PCR thermocycler programs for ITS2 were as follows: 95°C,
2min; 45°C, 1 min; 72°C, 2 min for 30 cycles. The PCR products
were analysed on 1% (w/v) agarose gel stained with ethidium
bromide. The PCR programme for rbcL (FDB) and MDB were
also the same except the annealing temperature at 45°C and
55°C, respectively. The amplified PCR product was run on 1%
agarose gel electrophoresis stained with ethidium bromide. PCR
samples were prepared by adding genomic DNA template
(20-100 ng/pL) to the reaction mixture containing 5uL of 5x
PCR buffer (Promega, Madison, WI), 2 uL of 25 mM MgCl,, 1 pL
of 10mM dNTPs mix, 1 pL of each forward and reverse primers
(10mM), 0.625U of Taq DNA polymerase and sterile distilled
water in a total reaction volume of 25 L. The negative control
was performed by adding sterile water to the PCR mixture. The
amplified products of ITS2 and rbcL (FDB) were then purified
using Wizard® SV Gel and PCR Clean-Up System (Promega,
Madison, WI) and ligated into pEasy-T3 cloning vector
(Transgene Biotek, Hyderabad, Telangana) and transformed into
an E. coli strain DH50 competent cells. The recombinant plas-
mids were identified using LB plate supplemented with IPTG, X-
gal and ampicillin (Bio Basic, Markham, Canada). The positive
recombinant DNA plasmids from the cloned were extracted
using DNA QIAprep Spin Miniprep kit (Qiagen, Hilden,
Germany). The recombinant plasmids were digested with ECoR1
and finally sent for sequencing at First Base Sdn Bhd (Seri
Kembangan, Malaysia).

DNA sequencing analysis

The reference DNA barcode material was developed using the
generated sequences from the recombinant clones’ plasmid of
rbcL (FDB) and ITS2. The generated sequences were trimmed
and edited using BioEdit Software (v.7.2.5) and subsequently sub-
jected to BLAST algorithm (Altschul et al. 1997) in the GenBank
to identify the closest matching sequences. The sequences gener-
ated for the reference for rbcL (FDB) and ITS2 of these plants
were used for the identification of adulterant in the E. longifolia
HMP. The generated sequences were later deposited to National
Centre for Biotechnology information (NCBI) database. For the
authentication of E. longifolia HMPs using DNA barcoding, the
forward and reverse sequences were manually trimmed using
bioEdit software and used as a query sequences to compare to
the GenBank nucleotides database using NCBI's MEGABLAST
program (http://blast.ncbi.nlm.nih.gov/Blast.cgi) for identification
of the closest match (Morgulis et al. 2008).

The query sequences were taxonomically determined using
minimum cutoff of 97% (Wallace et al. 2012). This is due to the
higher similarity value between the query and data base sequen-
ces (to 100%), the closer the e-values to zero and the better the
identification. HMPs are considered to pass a BLASTn criterion
if the BLAST search resulted in E. longifolia with top match of
97% and above. Obtained sequences from the HMPs were also
incorporated with the E. longifolia reference sequence established
from this study and other sequences retrieved from the
GenBank. A HMP is considered authentic and passed the neigh-
bor-joining method based on the Kimura-2-Parameter Model


http://blast.ncbi.nlm.nih.gov/Blast.cgi

(K2P) which was recommended as the standard barcoding
method (Hollingsworth et al. 2009) if it formed a strongly sup-
ported monophyletic clade. The phylogenetic tree analyses were
carried out using the program, MEGA 6 with 1000 bootstrap
(BS) replicates (Tamura et al. 2013). HMPs were only considered
truly authentic if they both passed BLASTn and neighbor-joining
tree criteria.

Chemical analysis using HPLC

HPLC chromatographic analysis of the HMPs was performed to
determine the presence and concentration of bioactive marker in
the E. longifolia root extract and tested HMPs which were identi-
fied as either authentic or substitution so as to confirm if there is
correlation molecular genetic analysis.

Preparation of stock solution for HPLC analysis

The stock concentration of eurycomanone standard solution was
prepared at the concentration of 1 mg/mL in methanol. The eur-
ycomanone reference standard was filtered through a 0.45 pm fil-
ter and stored at 4°C prior to the HPLC analysis. The stock
solution of eurycomanone was further diluted to the concentra-
tion range 0.5-0.01325 mg/mL.

Preparation of E. longifolia roots extract and HMPs

The dried roots of E. longifolia was cut into 0.5pm size and
extracted with 150 mL methanol under sonication for 4h as
reported by Park et al. (2014). The solutes were filtered using
Whatman No. 1 filter paper. The extract was also concentrated
using rotary evaporator and dried using freeze drier to form
powder. The E. longifolia root extracts and HMPs were prepared
at the concentration of 1mg/mL in HPLC grade methanol at
room temperature with sonication for 15 min.

HPLC method validation

To monitor the performance of the developed HPLC methods,
some parameters were validated in order to judge whether the
developed method is consistent, adequate and reliable for its
intended purpose. The HPLC methods were fully validated for
their linearity, accuracy, precision, limit of detection (LOD) and
limit of quantification (LOQ) (ICH 2005; Khari et al. 2014).
For the standard curve, the ratio of the peak area was plotted
on the y axis while the concentration of the analytes was plot-
ted on the x axis. The linearity was evaluated by analysing the
eurycomanone standard at different concentrations (0.5. 025,
0.125, 0.0625 and 0.01325mg/mL). Accuracy was ascertained by
using three different concentration levels: 0.5. 025 and
0.125mg/mL (n=3) and the percentage recovery was calculated.
The precision of the method was performed by determining the
repeatability (intra-day precision) and intermediate precision
(inter-day precision). The repeatability precision was evaluated
by analysing six replicates of the same concentration of euryco-
manone (0.5mg/mL) within a day while the intermediate preci-
sion was assessed by analysing the same individual sample on
three consecutive days. The result was calculated as %RSD. The
LOD (which is calculated as 3.3 times the standard deviation of
intercept divided by the slope) and LOQ (10 times the standard
deviation of intercept divided by the slope) were assessed on
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the basis of a standard linear regression method (Basar
et al. 2014).

Quantification of eurycomanone in E. longifolia root
extracts and HMPs

High performance liquid chromatography (HPLC) analysis was
performed wusing 1260 infinity HPLC system (Agilent
Technology, Santa Clara, CA) equipped with binary pump,
degasser, 96-well plates autosampler and DAD detector. The
chromatographic separation was carried out using Zorbax Eclipse
XDB-C18 column (4.6 x 150 mm, 5um). The mobile phase com-
prises of isocratic mixture of methanol and water in the ratio of
85:15 (v/v) with a flow rate of 1.0 mL/min and the column tem-
perature was maintained at 30°C. A sample of 5pL was injected
and the wavelength was set at 254 nm. The purity of the euryco-
manone compounds was assured from chromatograms, and the
plant root extracts and HMPs were analysed for the presence of
the eurycomanone. The calibration curve of eurycomanone was
used for the quantification of eurycomanone content in the E.
longifolia root exacts and HMPs using the linear regression equa-
tion. The results were calculated as % w/w using the formula:
(calculated concentration/Loaded concentration x 100% (Memon
et al. 2015).

Results and discussion
DNA extraction and amplification of DNA barcode

The extraction of genomic DNA from the fresh root part of E.
longifolia showed A,go/250 absorbance ratios above 1.6 which
indicated high purity according to Cheng et al. (2014). The amp-
lification of rbcL (FDB) and ITS2 fragments was successful pro-
duction of distinct bands at an appropriate size of 1300 and
300bp, respectively (Figure 1(A,B)). Analysis of restriction
enzyme digestion of pEasy-T3:rbcL and pEasy-T3:ITS2 showed
the presence of two distinct bands (Figure 1(C,D); lanes 3 and 4)
of backbone vector (pEasy-T3) and the insert, rbcL (FDB) or
ITS2 indicating that the two regions were successfully cloned.
The sequence result of the pEasy-T3 cloned plasmid of E. longifo-
lia revealed that the rbcL and ITS2 fragments have a sequence
length of 1346 and 313 bp, respectively. The sequences generated
for rbcL (FDB) and ITS2 have 99% similarities with those in the
GenBank. The sequences generated were deposited in the
GenBank with the accession number of MF509195 and
KY264053 for rbcL (FDB) and ITS2, respectively.

Authentication of E. longifolia HMPs

The spectrophotometer result of the yield and purity of the
genomic DNA extracted from the E. longifolia HMPs using the
Nucleospin Plant II protocol indicated variability reading with
respect to the quality and quantity of product. In terms of
yield, the highest concentration was obtained in TAP-2 herbal
product (119.1ng/puL) while the lowest was recorded in TAP-10
(5.3ng/pL). On the other hand, the A,gp230 reading showed
that TAP-1, TAP-3, TAP-4, TAP-5, TAP-6, TAP-7, TAP-8 and
TAP-9 fall within 1.6-1.7 (except for TAP-2, TAP-10 and TAP-
11 which were below 1.6) where DNA extracted was of
high quality.

Compared to fresh plant DNA, full length rbcL (FDA) pri-
mers have successfully amplified because the genomic DNA was
mostly intact thus able to amplify longer sizes of product.
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Figure 1. Agarose gel electrophoresis of several rbcL PCR (A) and ITS2 fragment (B). Lane C shows negative control. The successful recombinant plasmid of PEasy-rbcL
(C) and PEasy-ITS2 recombinant plasmid (D) is shown. 1kb DNA ladder (Promega, Madison, WI).

However, this was not the case for HMPs as preliminary attempt
to amplify the rbcL (FDB) failed. This was ascribed as a result of
DNA degradation which occurred during the manufacturing
processes. The presence of high amount of secondary metabolites
such as polysaccharides, glycoproteins, polyphenolic compounds
and pigments are derived from the raw materials within various
tissues and organs of the plants and these have been proven to
interfere with DNA extraction, amplification and sequencing
(Zahra et al. 2016). In addition, the degradation of DNA at the
primer annealing sites may also result in the unsuccessfully amp-
lification of the selected DNA barcode regions, thus causing
failed reaction (Newmaster et al. 2013). Large size region is
always difficult to be amplified in fragmented or degraded DNA
and this is due to the fact that the barcode region is larger than
the average fragment size in DNA extract of the HMP to be
amplified (Little and Jeanson 2013).

To overcome this problem, a new rbcL barcode with shorter
length (MDB) was introduced into this study such as reported by
Little and Jeanson (2013). Following PCR process, rbcL fragment
was successfully amplified with a size approximately 500 bp from
E. longifolia HMPs. Several reports have shown that shorter
length DNA barcodes are used for the effective identification and
authentication of HMPs as they are easy to be amplified (Little
and Jeanson 2013; Little 2014).

Out of the total 11 samples of E. longifolia HMP extracted,
the result showed amplifiable DNA was obtained from 7/11
(64%) of the tested HMPs. However, no amplification was
detected from 4/11 (36%) of the tested HMPs after repeated
attempts. This could be due to the result of the presence of
inhibitors such as secondary metabolites including polyphenolic
compounds, glycoprotein, polysaccharides which can interfere
with the DNA extraction, amplification and sequencing (Zahra
et al. 2016). These tested HMPs samples were designated as ‘No
sequence’ and were not considered for further analysis. The
results showed that ITS2 primers produced a highest

amplification success 6/11 (55%) compared to rbcL (MDB)
region 3/11 (27%).

DNA sequence analysis and species identification in
E. longifolia HMPs

When using rbcL (MBD) primers, the BLASTn result showed that
only two of the tested HMP samples (TAP-3 and TAP-8) have
high similarity to E. longifolia species above 97% (EU042996.1).
The result of one of the tested HMP sample (TAP-5) has 99%
similarities but with Nigella sativa (KU499880.1) or Nigella arven-
sis (KM360895.1) both belonging to the family Ranunculaceae
(Table 1). Newmaster et al. (2013) reported that any substituted
product may generate barcodes other than what was labelled on
the tested HMP. Based on Figure 2, NJ analysis showed that only
two of the tested HMPs samples (TAP-3 and TAP-8) formed a
strongly supported monophyletic clade (BS =95) with the E. long-
ifolia reference sequence established from the present study
(pEasy-T3:rbcL_EL) and other E. longifolia sequences retrieved
from the GenBank database (EU042996.1 and MF435797.1) while
TAP-5 clustered into another clade of N. arvensis and N. sativa.
This result indicates that these two tested HMPs samples were
truly authentic as they passed the two said criteria. The results
indicated that rbcL can be reasonably amplified across a diverse
set of plants but were not variable enough to discriminate species
as also indicated by Michel et al. (2016).

The BLASTn result of the ITS2 barcoding regions showed
that four of the tested HMPs samples (TAP-1, TAP-3, TAP-6
and TAP-8) matched with the expected E. longifolia above 97%
(Table 1). However, the BLASTn result of two of the tested
HMPs (TAP-4 and TAP-7) revealed that they contained the
DNA barcode from other species contrary to what was labelled
sample. TAP-4 has 97% similarity with Holcoglossum sp.
(HQ452901.1). TAP-7 has 98% similarity with Ficus deltoidea
(Moraceae) (HM159449.1). Based on Figure 3, NJ analysis of the
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Table 1. Sequence analysis of rbcL and ITS2 for the tested E. longifolia HMPs samples.

Sample code  Packaging label HMP form  Barcode region Identified species Top similarities sequence from NCBI ~ Accession number Barcode ID
TAP-1 E. longifolia Capsule ITS 2 E. longifolia 99% KY553292.1 Eurycoma longifolia
rbclL NS NS
TAP-2 E. longifolia Tablet ITS 2 NS NS NS
rbclL NS NS
TAP-3 E. longifolia Capsule ITS 2 E. longifolia 99% KY553292.1 Eurycoma longifolia
rbcL E. longifolia 99% EU042996.1
TAP-4 E. longifolia Capsule ITS 2 Holcoglossum sp. 97% HQ452901.1 Holcoglossum sp.
rbcl NS NS
TAP-5 E. longifolia Capsule ITS 2 NS NS Nigella arvensis
rbcL Nigella arvensis 99% KM360895.1 Nigella sativa
Nigella sativa KU499880.1
TAP-6 E. longifolia Capsule ITS 2 E. longifolia 97% KY553292.1 Eurycoma longifolia
rbcl NS NS
TAP-7 E. longifolia Tea ITS 2 Ficus deltoidea 98% HM159448.1 Ficus deltoidea
rbcl NS -
TAP-8 E. longifolia Capsule ITS 2 E. longifolia 99% KY553292.1 Eurycoma longifolia
rbcL E. longifolia 99% EU042996.1
TAP-9 E. longifolia Capsule ITS 2 NS NS NS
rbcl NS NS
TAP-10 E. longifolia Capsule ITS 2 NS NS NS
rbcl NS NS
TAP-11 E. longifolia Capsule ITS 2 NS NS NS
rbcl NS NS
Northern Africa and there was no report of its cultivation in
s [ TAP3 Malaysia (Havlik et al. 2006), this makes it unlikely to be the spe-
cies substituted unless the manufacturer brought it from other
o | “TAPS country. NJ result was consistent with that of BLASTn results
EU042996.1 Eurycoma longifolia which revealed that the tested HMPs that contgm E. long{foll'a clus-
95 ter together, whereas those that do not contain E. longifolia con-
“1 | MF435797 1 Eurycoma sp. trary to what was on the packaged label clustered into their own
%0 clade. Therefore, BLASTn and NJ tree can be successfully used to
pEasy-T3:rbel EL distinguish HMPs that contain E. longifolia and those that do not.
o The findings of the DNA barcoding in the present study indi-
—— EU043043.1 Soul t lioid
uiamea ferminatoices cated that four of the tested HMPs (TAP-1, TAP-3, TAP-6 and
39080.2 Swietenia TAP-8) are authentic based on BLASTn and NJ tree criteria
while three of the tested HMPs (TAP-4, TAP-5 And TAP-7)
— TAPS were possibly adulterated. According to Zhao et al. (2013), any
: Sl , new method for identifying traditional medicines should focus
s _I et sevensss on accuracy, digitization, repeatability, simplicity and practicality.
7 KU499880.1 Nigella sativa The DNA barcoding identification technique has important sig-
nificance compared with the traditional methods. It can identify
species in the form of dried herbs, leaves or roots because it is
0.0100 not restricted by morphological characteristics. Our findings

Figure 2. NJ tree of rbcL from E. longifolia HMPs compared to pEasy-T3:rbcL EL
reference sequence of E. longifolia established from this work (underlined) and
other sequences retrieved from the GenBank. Highlighted in bold is the strongly
supported monophyletic clade. TAP: Tongkat Ali product. Numbers on the node
for each branch are bootstrap scores for 1000 replicates (>95).

ITS2 region of E. longifolia showed that four tested HMPs sam-
ples (TAP-1, TAP-3, TAP-6 and TAP-8) formed a strongly sup-
ported monophyletic clade (BS=100) with the E. longifolia
reference sequence established from the present study (pEasy-
T3:ITS2_EL) and other E. longifolia sequence retrieved from the
GenBank database (KY553292.1). This result indicates that the
four tested HMPs samples were truly authentic as they passed
the two said criteria (BLASTn and NJ tree analysis). However,
two of the tested HMP samples (TAP-4 andTAP-7) nested out-
side the reference sample clade indicating that the HMPs con-
tained other plant species contrary from those declared on their
packaging labels.

The NJ result demonstrated that TAP-5 clustered with N.
arvensis and N. sativa plant species. The N. arvensis was a native
of Central and South East Europe and Near East Region and

showed that the ITS2 was the most promising DNA barcode for
the authentication of E. longifolia HMP and this could be attrib-
uted as a result of their short size.

An ideal marker should be short enough to be amplified even
in degraded DNA, produce high sequence quality and most have
a powerful variability power to discriminate between samples
(Vijayan and Tsou 2010; Li et al. 2015). Even though the rbcL
barcode was successfully amplified in some of the E. longifolia
HMPs, the ITS2 region was the most amplified region when
compared. The ITS2 region has been confirmed by many
researchers as one of the best DNA barcode region for the identi-
fication and authentication of medicinal plants (Gao et al. 2010;
Han et al. 2016). In one of the most extensive study of DNA bar-
coding in medicinal plants reported by Chen et al. (2010), the
ITS2 was shown to be the most suitable region for identification
of medicinal plants. Their study showed that out of 6600 plant
samples and their closely related species analysed, ITS2 region
was able to identify 92.7% of the total sample. Other reports by
He et al. (2012) also came with similar conclusion after analysing
109 samples using five DNA barcode regions, the ITS or ITS2
region was found to be the best among the other regions tested.
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TAP-1
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TAP-8

KY553292.1 Eurycoma longifolia
TAP-6
99
100 I pEasy-T3:ITS2 EL
KR532660.1 Tetradium glabrifolium

—= L

JX856538.1 Azadirachta indica
TAP-4

KP896888.1 Vicia montbretii

53

FJ899101.1 Prunus lusitanica

KX689296.1 Ficus rubra isolate

—
0.050

KF454312.1 Ficus carica
o7 HM159448.1 Ficus deltoidea var. bilobata
as || TAP-T
77 'HM159449 1 Ficus deltoidea var. bilobata

Figure 3. NJ tree of ITS2 from E. longifolia HMPs compared to pEasy-T3:ITS2 EL reference sequence of E. longifolia species established from this work (underlined) and
other sequences retrieved from the GenBank. Highlighted in bold is the strongly supported monophyletic clade. TAP: Tongkat Ali Product. Numbers on the node for

each branch are bootstrap scores for 1000 replicates (>100).

The current study was the first to use a DNA barcode molecular
identification technology to distinguish E. longifolia and its adul-
terants and this study expanded the application of the ITS2
sequence to the medicinal plant field especially in Malaysia. In
conclusion, ITS2 as a DNA barcode would broaden our under-
standing of plant resource classification and phylogenetics.

The malpractice of labelling on the products showed a form of
fraud because the consumer believed that they get the benefit of
the said product but would not. For example, Olivar et al. (2016)
documented that Vitex negundo (Lamiaceae) was replaced with
different types of contaminant in which some of them are still
medicinal plants (Moringa olifeira (Moringaceae) and Mormodica
charantia (Cucurbitaceae)) after species identification using DNA
barcoding. A similar occurrence was also found in the present
study where TAP-7 and TAP-5 contained others species such as
F. deltoidea and N. sativa, respectively, which have no aphrodisiac
properties according to Bunawan et al. (2014) and Al-Adhroey
et al. (2010). The Holcoglossum sp. which was the substituted spe-
cies detected in TAP-4 HMPs was far more alarming because this
flowering plant belonging to the family Orchidaceae (Xiang et al.
2011) does not have any therapeutic value. This may be an indir-
ect or unintentional form of adulteration which involves the use
of inferior or poor quality material in order to maximize profit
(Satheeshkumar et al. 2016). Authentication methods maybe chal-
lenging in commercial product with incorrect species because the
forms were changed, for example powdered in capsule or dried
plant material in tea, which does not preserve morphological
characteristics as well as lose their aromas due to volatile evapor-
ation. However, the use of suitable extraction DNA method that
produces high purity DNA should be able to amplify even from
minute DNA samples. Thus, the NJ tree analysis in the present
study clearly distinguished between E. longifolia and other species.
Overall, this study demonstrated that ITS2 was efficient and
effective than rbcL.

Validation of the authenticity of E. longifolia HMPs using
HPLC analysis

In order to confirm that the developed analytical method
employed is reliable, adequate and consistence, the method of

validation was carried out. In the present study, a standard solu-
tion of eurycomanone was used to determine the linearity, accur-
acy, precision, LOD and LOQ of the developed method. The
calibration curve of eurycomanone was linear over the concentra-
tion range of 0.5-0.01325mg/mL producing a linear regression
equation of y=72894x - 424.66 where x is the concentration of
the eurycomanone (mg/mL) and y is the corresponding peak
area. The correlation coefficient (+*) was found to be 0.999 which
indicates excellent correlation is obtained with good linearity.
High recovery values fell within the range 100.14-102.37% at
three different levels of concentration with acceptance %RSD of
not more than 2% at each level (0.09-0.118%). The precision of
the method was also demonstrated to be acceptable. The %RSD
value of repeatability (intra-day) and intermediate precision
(inter-day) were found to be 0.21 and 0.369%, respectively, both
are less than 2% indicating satisfactory precision. The little differ-
ences that existed between %RSD values for intra-day and inter-
day precision indicate the method is reproducible. The result of
the developed method showed that the LOD and LOQ were
0.023 and 0.078 mg/mL, respectively, indicating high sensitivity.

The validated method HPLC-DAD was subsequently used in
the analysis of eurycomanone content in the E. longifolia root
extract and HMPs. For the validation of the authenticity of the
HMPs, only those HMPs which were identified as either authen-
tic or substituted using DNA barcoding are the ones further ana-
lysed using this method. So also, the validation was based on the
presence of eurycomanone marker which is one of the most
important and abundant bioactive compound present in this
plant (Nhan and Loc 2017). The eurycomanone standard showed
a peak area with a retention time of 2.854 min similar to that of
root extract 2.839 and three tested HMPs (TAP-1, TAP-3 and
TAP-8). Other tested HMPs (TAP-4, TAP-5, TAP-6 and TAP-7)
were found to have different reading of retention time and the
yield of eurycomanone was undetected (ND) (Figure 4).

The result of the HPLC analysis showed that the root extracts
of the E. longifolia have the highest percentage level of eurycoma-
none (6.11%) when compared to other HMPs. The high amount
of this expected bioactive compound in the root extracts may be
attributed due to the fact the root of the E. longifolia used in the
present study was five years old. Sarwat et al. (2006) reported
that as the tissue of high plants grows older particularly in herbal
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Figure 4. HPLC chromatogram of standard eurycomanone (A); HPLC chromatogram of E. longifolia root extract (B); HPLC chromatogram of E. longifolia HMPs (C-H

and | for TAP-1, TAP-3, TAP-4, TAP-5, TAP-6, TAP-7 and TAP-8, respectively).

Table 2. The concentration (mg/mL) and level of eurycomanone (%) in E. longifolia root extracts and HMPs.

Sample no. Dosage form Retention time (min) Peak area (mAU) Eurycomanone conc. (mg/mL) Eurycomanone level (%) (w/w)
Root extract Powder 2.839 22,718 0.30 6.11
TAP-1 Capsule 2.812 1461 0.01 0.28
TAP-3 Capsule 2.893 2663 0.03 0.74
TAP-4 Capsule 2.721 ND ND ND
TAP-5 Capsule 2.694 ND ND ND
TAP-6 Capsule 2.688 ND ND ND
TAP-7 Tea 3.074 ND ND ND
TAP-8 Capsule 2.896 2305 0.02 0.50

ND: not detected.

medicinal plants, the secondary metabolites which are responsible
for the therapeutics properties increase. Even for commercial
value, the roots of E. longifolia which usually contained most of
the bioactive are normally harvested after 4 years of cultivation
(Bhat and Karim 2010). This result is in agreement with those
obtained by Khari et al. (2014) which showed that the percentage
yield of eurycomanone from the roots of E. longifolia varies
between 1.05%, 2.6% and 7.2% depending on the extraction
method used. For the HMPs, the eurycomanone level was found
to be 0.2%, 0.5% and 0.7% in TAP-1, TAP-8 and TAP-3, respect-
ively. The other reading of retention time also showed absence of
eurycomanone (Table 2).

DNA barcoding and HPLC chromatogram fingerprint
correlation

Combining the authentication of E. longifolia HMPs using DNA
barcoding and HPLC chemical analysis, certain results were

found to be in agreement with each other. That was the case of
three tested samples (TAP-1, TAP-3 and TAP-8) which were
identified as authentic using DNA barcoding which were also
found to contain eurycomanone. So also, three of the tested
HMPs (TAP-4, TAP-5 and TAP-7) which were identified as sub-
stitution using DNA barcoding were found to be devoid of eury-
comanone (Table 3). The use of DNA method and HPLC
analysis has been reported by Mihalov et al. (2000) and success-
fully identified different types of ginseng in their commer-
cial products.

However, it is interesting to note that one of the tested sam-
ples (TAP-6) which was identified as authentic using the DNA
barcode region was found not to contain the biochemical marker,
eurycomanone. The possible reason for this is that eurycoma-
none which is one of the most important bioactive marker that
is responsible for the pharmacological properties may be
degraded as a result of external factors such as physiological or
storage conditions or environmental factors such as altitude,
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Table 3. Summary of the authentication of E. longifolia HMP using the HPLC analysis.

DNA barcoding result

HPLC analysis result

No. Sample name ITS2 rbcL Result summary Eurycomanone Eurycomanone (% level) Result summary
1 TAP-1 Yes No Authentic Present 0.28 Authentic

2 TAP-3 Yes Yes Authentic Present 0.74 Authentic

3 TAP-4 Yes No Substitution ND ND Substitution
4 TAP-5 No Yes Substitution ND ND Substitution
5 TAP-6 Yes No Authentic ND ND Substitution
6 TAP-7 Yes No Substitution ND ND Substitution
7 TAP-8 Yes Yes Authentic Present 0.50 Authentic

ND: not detected.

DNA Barcoding

(36%)

HMPs identified as authentic or
substitution (7)

HPLC Analysis

~
4l

Figure 5. Correlation between DNA barcoding and HPLC analysis in the authentication of E. longifolia HMPs.

temperature or other factors such as age of the plant, cultivation
time, harvesting time, cultivation area, etc. This result was in
accordance with the recent findings reported by Urumarudappa
et al. (2016) that uses both molecular and chemical techniques to
authenticate Saraca asoca, an important medicinal plant in India
that is used for the treatment of various ailments such as leucor-
rhoea and other uterine disorders. In their study, they used DNA
barcoding molecular technique together with an advanced form
of chemical technique called NMR spectroscopy to authenticate
the Saraca asoca in which they found that two samples (HAS107
and HAS424) are authentic using DNA barcoding but lack the
expected chemical profile using the NMR chemical analysis.
Figure 5 shows the correlation between the DNA barcoding and
HPLC analysis results.

It is also notable to understand that out of the three tested
samples which contain eurycomanone, none of them has met the
minimum  concentration of eurycomanone required by
Department of Malaysian Standard (DMS). The amount of eury-
comanone found in samples TAP-1, TAP-3 and TAP-8 was
0.28%, 0.74% and 0.50%, respectively, less than 0.8-1.5% as set
by DMS (Khari et al. 2014). Previously, Norhidayah et al. (2015)
reported that out of the 41 total number of E. longifolia HMPs
tested, eurycomanone standard was only detected in 58.5% and
only 26.8% fulfilled the set criteria. Hence low concentration of
eurycomanone observed in the tested HMP in this study could
indicate similar finding to their report.

The low concentration of eurycomanone content measured in
these HMPs raised a possibility of another form of adulteration
such as addition of undeclared synthetic phosphodiesterase-5
inhibitors (PDE-5i) drugs so as to enhance their efficacy. Several
recent studies have shown that HMPs (advertised as natural
products) which claimed to improve the quality of sexual life and
libido were found to contain these types of synthetic drugs
(Radu et al. 2015; Bujang et al. 2017; Fard and Akhgari 2018).
Sildenafil (Viagra), tadalafil (cialis) and vardenafil are among the
first synthetic PDE-5i drugs to be licensed by the US Food and
Drug Administration (FDA) for the treatment of erectile dys-
function, the inability to maintain penile erection during inter-
course (Rocha et al. 2016; Abubakar et al. 2017a). In Malaysia,

these synthetic drugs fall in group B poisons found in the first
schedule of the poison list. This group is under the control of
Poison Act 1952 which stipulated that only authorized person
such as registered medical practitioners and licensed pharmacists
can supply and sell this type of drugs (Bujang et al. 2017).
Therefore, possession of these types of drugs by unauthorized
persons is illegal and punishable by the act. However, even
though their usage is authorized but must be under medical
supervision as their interaction with certain drugs can cause
negative effects. Patients suffering from cardiovascular diseases
such as hypertension, atherosclerosis are mostly treated with
drugs containing nitrates, consequently combining such drugs
with synthetic PDE-5i may drastically lower their blood pressure
(Stief et al. 1998). Therefore, the unknowing consumption of
such HMPs that contain undeclared synthetic PDE-5i may pose a
serious health threat to the patient.

Conclusions

The study showed that DNA barcoding is a quick and reliable
method that can be successfully used for the authentication of E.
longifolia HMPs. To identify the species specific of DNA barcod-
ing, none restricted by morphological characteristics with
decreasing cost of sequencing, this technique is becoming an
important tool for the identification of herbal medicinal plants.
The result of the study revealed that several E. longifolia HMPs
sold in the Malaysian market are adulterated because the correct
species was not identified. This study strongly suggests that there
is an urgent need to utilize DNA barcoding to identify species
adulterant, as this could serve as an avenue for the production of
high quality HMPs. Therefore, DNA barcoding should be volun-
tarily used by herbal industries as the first screening step for the
authentication of raw material used in the manufacturing of
HMPs as most of them are exclusively sourced from the wild
population. The use of DNA barcoding for the authentication of
HMPs validated by chemical analyses will help to provide
detailed knowledge about their safety and efficacy as these are
very important towards quality control. Therefore, any unethical



activity practice by herbal industries would be known and this
will make them to produce products which are authentic, safe
and of high quality, thereby restoring the consumers’ confidence
and trust in HMPs.
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